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Are the rules simple or complicated?
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2T +Π+W = 0

starting with what we know:  Tensor Virial Theorem 

on to galaxies...

Friday, February 26, 2010



2T +Π+W = 0

�

i

v2i = A0v
2
rot

starting with what we know:  Tensor Virial Theorem 

on to galaxies...

Friday, February 26, 2010



2T +Π+W = 0

�

i

v2i = A1σ
2

starting with what we know:  Tensor Virial Theorem 

on to galaxies...

Friday, February 26, 2010



2T +Π+W = 0

�

ij

Gmj

rij
= B0

M

r1/2

M

starting with what we know:  Tensor Virial Theorem 

on to galaxies...

Friday, February 26, 2010



2T +Π+W = 0

A0v
2
rot +A1σ

2 = B0
M

r1/2

starting with what we know:  Tensor Virial Theorem 

on to galaxies...

Friday, February 26, 2010



2T +Π+W = 0
M = Cπr21/2I1/2Υ1/2

A0v
2
rot +A1σ

2 = B0
M

r1/2

starting with what we know:  Tensor Virial Theorem 

on to galaxies...

Friday, February 26, 2010



2T +Π+W = 0

A(
v2rot
2

+ σ2)

A0v
2
rot +A1σ

2 = B0
M

r1/2

≡ AV 2

starting with what we know:  Tensor Virial Theorem 

on to galaxies...

Friday, February 26, 2010



2T +Π+W = 0

A0v
2
rot +A1σ

2 = B0
M

r1/2

A(
v2rot
2

+ σ2) ≡ AV 2

starting with what we know:  Tensor Virial Theorem 

on to galaxies...

Friday, February 26, 2010



2T +Π+W = 0

A0v
2
rot +A1σ

2 = B0
M

r1/2

AV 2 = B
πr21/2I1/2Υ1/2

r1/2

starting with what we know:  Tensor Virial Theorem 

on to galaxies...

Friday, February 26, 2010



2T +Π+W = 0

A0v
2
rot +A1σ

2 = B0
M

r1/2

AV 2 = BπreIeΥe

starting with what we know:  Tensor Virial Theorem 

on to galaxies...

Friday, February 26, 2010



2T +Π+W = 0

A0v
2
rot +A1σ

2 = B0
M

r1/2

AV 2 = BπreIeΥe

log re = 2 log V − log Ie − logΥe + logA− logB

starting with what we know:  Tensor Virial Theorem 

on to galaxies...

Friday, February 26, 2010



moving on to what we can learn ....   

log re = 2 log V − log Ie − logΥe + logA− logB
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moving on to what we can learn ....   

completely unobservable, but encapsulates most of the 
interesting astrophysics

log re = 2 log V − log Ie − logΥe + logA− logB
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moving on to what we can learn ....   

a simple option is

the simplest (non-trivial) option is

log re = (2− α) log V − (1 + β) log Ie + C

(otherwise known as the fundamental plane)

log re = 2 log V − log Ie − log f(V, Ie)

log re = 2 log V − log Ie − log∆
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Var 1 = V

normal ellipticals  Jorgensen et al.  1996
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log V log Inormal spirals  Springob et al. 2007
normal ellipticals  Jorgensen et al.  1996

dwarf E’s Geha et al. 2003 & Matkovic and Guzman 2006
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BCGs+ICL Gonzalez et al. 2005
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normal ellipticals Jorgensen et al. 1996
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normal disks Springob et al. 2007
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normal disks Pizagno et al. 2007
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normal disks Courteau et al. 2007
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E’s + dwarf E’s Geha et al. 2003 & 
Matkovic and Guzman 

2006

Friday, February 26, 2010



Local Group dwarfs Walker et al. 2009 (and
references therein)
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∆ = log Υe − log A + log B − C
log∆ ≡ logΥe − logA+ logB
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∆ = log Υe − log A + log B − C

SLACS                                                    Bolton et al. 2008  

log∆ ≡ logΥe − logA+ logB
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∆ = log Υe − log A + log B − C

SAURON                                  Cappellari et al. 2006,2007

log∆ ≡ logΥe − logA+ logB
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∆ = log Υe − log A + log B − C

LG dwarfs                                            Walker et al. 2009

log∆ ≡ logΥe − logA+ logB
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The FM using dynamical M/L’s                    
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V ≡ A(v2rot/2 + σ2)Testing
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V ≡ A(v2rot/2 + σ2)Testing

E’s from van der Marel & van Dokkum (2007)

S0’s from Nordermeer et al. (2008)

1/2

1/3
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E & S0’s share FM
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the story so far...
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the story so far...

- two parameters drive global galactic structure
(primarily through M/L)

- galaxies of all types & luminosities fall on 2-D 
surface in 3-D parameter space

(unification of TF, FP, +)

- the combining of v and    is empirically verifiedσ

-        ∆ = f(V, Ie) ( but not simple power laws)
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DM (NFW) + baryons

characterized by M and J/M 
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baryons dissipate E
but conserve J

DM (NFW) + baryons
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and settle into 
observed radial profiles

DM (NFW) + baryons

baryons dissipate E
but conserve J
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DM (NFW) + baryons

baryons dissipate E
but conserve J

and settle into 
observed radial profiles

long & illustrious history, cf. Crampin & Hoyle 1964; Freeman 1970; Fall & Efstathiou 1980; Fall 
1983; Blumenthal et al. 1984,1986; Flores et al. 1993 Dalcanton et al. 1997; Mo, Mao & White 

1998,1999
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adiabatically compress DM
(quantities calculating using CONTRA; Gnedin et al. 2004)

DM (NFW) + baryons

baryons dissipate E
but conserve J

and settle into 
observed radial profiles
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Mandelbaum et al. 2006 our model

Friday, February 26, 2010



Conclusions:
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Conclusions:

- galaxies of all types & luminosities fall on 2-D 
surface in 3-D parameter space
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Conclusions:

- two parameters drive global galactic structure
(primarily through M/L)

- galaxies of all types & luminosities fall on 2-D 
surface in 3-D parameter space

(unification of TF, FP, +)

- for set profiles, simple models relate observables 
to halo mass and angular momentum
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